Using clean energy sources is considered as a prevention solution for global warming. Hydrogen is one of the most popular clean and renewable fuel which is widely noticed by researchers in different approaches from additive fuel of internal combustion engines to pure feed of fuel cells. Hydrogen production is also one of the most interested field of studies and extended efforts are doing to fined high performance, fast and economical ways of its production. In this work, a novel high temperature steam electrolyser system with main solar integrated Brayton cycle core is proposed and numerically simulated to achieve this goal.
Introduction:
The world dependence on fossil fuels due to needs in transportation, buildings and electricity generation was sharply increased since the industrial revolution. Indeed, the life standards are increased as well as energy consumption. However, some concern such as climate change, global warming, acid rains, pollution, sea levels increasing and ozone layer depletion have been made utilizing fossil fuel in different approaches [1] and another energies have become much more vital [2] . Hydrogen has been presently considered by researchers as an alternative renewable and clean energy resource in different approaches, from methanol production [3] to pure/additive fuel in internal combustion engines [4] [5] [6] [7] . Although hydrogen abundantly exists in the earth, it is just found in composition of other materials. In consequent, hydrogen production is now one of the most interested field of studies and extended works were done to improve its efficiency economically [8] [9] [10] . However, more studies are still needed to achieve more acceptable exergy efficiencies considering reported values by researchers and thermodynamics analysis of different systems is considered as a suitable way to improve under studying systems [11] [12] [13] .
Using renewable sources to produce hydrogen, as sustainable hydrogen economy, can be categorized as two main groups; low and high temperature electrolyzing. High-temperature electrolysers are more advantageous than low-temperature one because of good ion conduction at an elevated temperature [14, 15] while they need more inlet power and heat. Demanded heat and power can be provided by different thermodynamic cycles employing solar [16] , wind turbine [17] , nuclear [18] and geothermal [19] energy technologies. The solar based proposed system by Ozcan and Dincer [20] had overally 18.8% energy and 19.9% exergy efficiencies, respectively and they assert that these efficiencies can be improved to 26.9% and 40.7% employing heat absorbed by the molten. Balta et al. [21] dividing their solar based system into the power generation and hydrogen production sections, reported that the energy and exergy performances of power generation system (PGS) are found 24.79% and 22.36%, respectively and for hydrogen production system are 87% and 88%. Indeed, a conceptual design of photovoltaic solar energy conversion was done by Bhattacharyya et al. [22] and proposed module thermodynamic and conversion efficiencies were estimated. Sayyaadi [23] utilized new set up for dual hydrogen-power generation plant.
The nuclear based high temperature steam electrolysis (HTSE) proposed by Ozcan and Dincer [24] had also 18.6% and 31.35% energy and exergy efficiencies and the overall energy and exergy efficiencies of coal gasification based hydrogen production system proposed by Seyitoglu et al. [25] were 41% and 36.5% respectively. Also exergetic efficiency of biogas-based High temperature steam electrolysis hydrogen production proposed by Abuşoğlu et al. [26] was reported by 25.83%.
In this paper, a high temperature electrolyser is employed for hydrogen production and a Brayton cycle integrated by solar energy is used to provide electrolyser demanded heat and power. A Rankine and organic Rankine cycles (ORC) are also utilized for system performance efficiency enhancement and in addition to compare two working fluids of ORC, first and second law analysis of proposed system are done to find the best operation condition.
System Definition:
The proposed hydrogen production system has two main parts, namely hydrogen production and power generation. Hydrogen production section is adapted from ref. [27] that hydrogen is produced via HTSE method where the high temperature steam is divided into the pure hydrogen and oxygen by received electricity from PGS. Demanded heat is also provided from waste heat of PGS. Indeed, two heat exchangers are also utilized to use the heat of separated hot hydrogen and oxygen shown in Fig.1 . More detail of HTSE and employed heat exchangers are available in [27] .
Power generation section consists of three cycles, namely, Brayton, Rankine and ORC. The main demanded power and heat for electrolyser is produced by Brayton cycle. In this cycle, air is compressed in two stage compressor via inter-cooler which makes air temperature equal to the ambient one.
Electrolyser feed water is pre-heated by inter-cooler waste heat absorption. Then compressed air is preheated in solar receiver and more heat is added to achieve the highest feasible temperature due to the erosion of the turbine blades, in combustion chamber. The energy of air is first converted to the power via turbine and second absorbed by pre-heated electrolyser feed water. In the following, extra energy of air is employed to run Rankine and ORC boilers respectively. Finally, a simple Rankine cycle and an ORC with regenerator are utilized to convert air extra energy to the power. The general characteristics of integrated system are reported in Table 1 .
Model Description:
Applying  The thermodynamic tables are used adopting needed data of air, water and 2 properties.
 Pure methane is used as fuel of combustion chamber.
 The outflows of the condensers of ORC and Rankine cycle are assumed saturated liquid.
 Air and combustion products are assumed as ideal gases.
Energy Analysis
Considering expressed assumptions, mass conservation and energy equation of each multi-inputs-multioutputs component in SSSF process [28] can be written as,
Here, ̇ and ℎ are the mass flow rate and enthalpy and subscripts and refer to inlet and exhaust flows.
Ideal gases correlations employed for Brayton cycle [28] ,
Here, the pressure, specific volume, temperature and internal energy of the working fluid are shown by , , and respectively. and refer to the special heats on constant pressure and volume, and expresses the universal constant of gases. Considering ideal gas as working fluid of Brayton cycle, the out temperatures of compressors and turbine exhaust flows can be written as [28] ,
In these equations, is the special heat coefficients ratio and refers to the isentropic efficiency of turbine as well as for compressor. In case of steam turbines and pumps, the exhaust flows characteristics can be defined as [28] ,
Here, index refers to the isentropic operation. All heat exchangers processes are assumed isobar and sufficient working pressure of intercooler is calculated as [28] ,
The sum of generated/consumed powers by turbines, compressors and pumps called net power for each cycle and the net power to inlet heat ratio is called the thermal efficiency. As an example, for proposed Brayton cycle [28] ,
.
The mass flow rates of inlet fuel, Rankine cycle, the feed water of hydrogen production section and ORC can be calculated considering the temperature gradient of the hot side of heat exchangers assuming adiabatic operations of them [28] ,
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For hydrogen production performance analysis, thermal efficiency is defined as the ratio of separated hydrogen LHV from feed water to heat entered to the system. For second law efficiency, the exergy of separated hydrogen is compared via inlet exergy, 
Results and Discussion:
As the proposed system is a novel idea, experimental data are not available to validate the results of model. So, each employed cycle is separately validated via given data from the previous study [21] which were shown in Table 2 . The reliability of generated results from provided model is in the high level since the model has high accuracy in system performance prediction.
After thermodynamic characteristics definition of each steam, the home-made simulator model can calculate the performance of proposed system. The thermodynamic characteristics of each steam is reported in Table 3 . The performance of overall system were evaluated using these data besides defined equations in model description section and the results were briefly reported in Table 4 . While 7532 of total 8873 net power was produced by Brayton cycle, almost 90% of total irreversibility was also from this cycle. However, the first law efficiency of PGS and hydrogen production were achieved by 50.7% and 98.3% respectively.
Proposed system performance due to the change of Brayton turbine inlet temperature when the other inlet parameters were considered fixed are shown in Fig.2 and Fig.3 . Demanded fuel was increased 36.8% to achieve 1600 K while the heat received from the sun had no change. Consumed fuel enhancement rate was greater than turbine out power one, so the ratio of power to added heat in combustion chamber were decreased slightly. Furthermore, the irreversibility of general system was increased due to the more temperature of heat transfer in heat exchangers and hydrogen production efficiency was decreased by 6% due to the fuel consumption increase caused by turbine inlet temperature enhancement. System response to input heat flux from the sun is shown in Fig.4 and considering fixed turbine inlet temperature, less fuel is needed when the input heat flux was increased. Consequently, the ratio of produced power and
Hydrogen to consumed heat in combustion chamber were increased by 29% and 13%, respectively.
Produced power and efficiency of Brayton cycle are affected by compression ratio and to investigate the impact of it on system performance it was changed between 8 and 16. In Fig.5 , first and second law efficiencies, produced power and irreversibility of Brayton cycle via compression ratio change were
shown. All of them were increased by compression ratio enhancement cause of more turbine power generation rate than compressor power consumption rate. Irreversibility was also increased by 4.5 due to the enhancement of mean working pressure of cycle. Considering Brayton cycle as the main power generation core of PGS, total power was increased as well as Brayton cycle. Indeed, more temperature gradient in the inter-cooler due to isentropic temperature enhancement in compressor, increased total irreversibility by 13.9% which is shown in Fig.6 .
To investigate the role of working fluid on organic Rankine cycle performance, its energy and exergy parameters are compared employing two different working fluids namely, carbon dioxide (R744) and ammonia (R717) which are shown in Fig.7 and Fig.8 . In case of using carbon dioxide as working fluid, less net power was achieved and irreversibility decreased 50% at ORC. The interaction of less power and irreversibility caused both more energy and exergy efficiencies when carbon dioxide employed as working fluid.
Conclusion:
In this work, a high temperature electrolyser integrated with a power generation system consist of a solar based Brayton cycle which is developed by Rankine and organic Rankine cycles for hydrogen production, was proposed and numerically simulated. Energy and exergy analysis are done and the main results are listed in the following,  Proposed system have more than 98% efficiency in hydrogen production.
 Power generation section has around 50% first law efficiency.
 The most exergy destructor section is solar tower by losing more than 50% of inlet sun irradiance.
 Proposed Brayton cycle can be more sufficient focusing on irreversibility reduction of solar tower and combustion chamber.
 Turbine inlet temperature enhancement decrease both energy and exergy efficiencies.
 Organic Rankine cycle produce more power with less efficiency employing ammonia as working fluid. 
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